The Steroid Receptor RNA Activator 1 (SRA1) has originally been described as a noncoding RNA specifically activating steroid receptor transcriptional activity. We have, however, identified, in human breast tissue, exon-1 extended SRA1 isoforms containing two initiating AUG codons and encoding a protein we called SRAP. We recently reported a decreased estrogen receptor activity in breast cancer cells overexpressing SRAP, suggesting antagonist roles played by SRA1 RNA and SRAP. SRA1 appears to be the first example of a molecule active both at the RNA and at the protein level. No data are currently available regarding the mechanisms possibly involved in the generation of coding and noncoding functional SRA1 RNAs. Using 5-Rapid Amplification of cDNA Extremities (5-RACE), we have herein identified several putative transcription initiation sites surrounding the second methionine codon and used to generate coding SRA1 transcripts. In the process, we also identified an alternatively spliced noncoding SRA1 transcript still containing an intron-1 sequence. Using targeted RT-PCR approaches, we confirmed the presence in breast cancer cell lines of SRA1 RNAs containing a full as well as a partial intron-1 sequence and established that the relative proportion of these RNAs varied within breast cancer cell lines. Using a "minigene" strategy, we also showed that artificial RNAs containing the SRA1 intron-1 sequence are alternatively spliced in breast cancer cell lines. Interestingly, the splicing pattern of the minigene products parallels the one of the endogenous SRA1 transcripts. Altogether, our data suggest that the primary genomic sequence in and around intron-1 is sufficient to lead to a differential splicing of this intron. We propose that alternative splicing of intron-1 is one mechanism used by breast cancer cells to regulate the balance between coding and functional noncoding SRA1 RNAs.
INTRODUCTION T
HROUGH ITS MITOGENIC ACTION on breast epithelial cells, estrogen not only controls the growth and the development of the normal mammary gland, but also promotes breast tumorigenesis and breast cancer progression (for a review, see Jensen and Jordan, 2003) . This estrogenic action is mainly mediated through two estrogen receptors (ERs) alpha and beta (Green et al., 1986; Mosselman et al., 1996) , that belong to the steroid/thyroid/retinoic acid receptors superfamily and act as ligand-dependent transcription factors (Evans, 1988) . Over the last few years, it has become apparent that the balance between coactivators and corepressors ultimately controls steroid receptor action in a given tissue (Shibata et al., 1997; Jordan and Morrow, 1999) . This balance is modified during breast tumorigenesis, and a search for possible means to readjust it has therefore started worldwide with the hope to develop novel therapeutic strategies (McKenna et al., 1999a (McKenna et al., , 1999b McKenna and O'Malley, 2001; .
In 1999, Lanz et al. (1999) identified three human transcripts (Fig. 1A ), which shared a central core region, differed in their 5Ј and 3Ј terminal extremities, and defined a very peculiar coactivator, the Steroid Receptor RNA Activator (SRA; Lanz et al., 1999) . Indeed, these transcripts, unable to code for any detectable protein in vitro or in vivo, specifically activated steroid receptors as RNA molecules, as opposed to all other previously described coregulators that act as proteins. It has now been shown that SRA1 RNAs modulate steroid receptor activity embedded in a ribonucleo-protein complex containing multiple proteins, such as the corepressor Sharp, the coactivator SRC-1, or the AF-1 specific activator p72/p68 protein (Lanz et al., 1999; Shi et al., 2001; Watanabe et al., 2001; Deblois and Giguere, 2003) . The original SRA1 sequence (and the only human one put in Genbank by Lanz et al., #AF092038) is fully contained within five separated exon-like regions of the chromosome 5 genomic sequence (Fig. 1B) . The core, which is necessary and sufficient for the noncoding RNAs to potentiate the activity of steroid receptors in vitro (Lanz et al., 1999) and to stimulate mammary cell growth in vivo (Lanz et al., 2003) encompasses exon-2 to a portion of exon 5. In 2000, we cloned from normal breast tissue three novel SRA1 mRNAs (AF293024, AF29325, and AF293026; Fig. 1B ), mainly identical to the original SRA1 sequence but presenting an extended 5Ј region. This region contained two ATG codons encoding the first methionines of putative 236/224 amino acid open reading frames. These coding variants, which contain an intact core region, are also expected to coactivate steroid receptors. These SRA1 variants as well as their corresponding SRA1 proteins (SRAP) have now been detected in human breast cancer cell lines, human breast tumor tissues, as well as in the skeletal muscle of various species (Leygue et al., 1999; Emberley et al., 2003; Chooniedass-Kothari et al., 2004 , 2006 . Even though SRAP function remains currently under investigation, our preliminary data have already shown that the expression of coding SRA1 RNA and its corresponding SRAP decreases the activity of estrogen receptor in MCF-7 breast cancer cells (Chooniedass-Kothari et al., 2006) . Moreover, we also observed that ER positive breast cancer patients expressing detectable levels of SRAP in their primary tumor were less likely to die from the disease, suggesting that the protein itself could be a new prognostic marker for breast cancer (Chooniedass-Kothari et al., 2006) . To our knowledge, SRA1 is the first, and so far only, molecule ever described to act at the RNA level and at the protein level. No data are therefore currently available on how such bi-faceted system could be regulated. Herein, we have addressed this question. Using 5Ј-Rapid Amplification of cDNA Extremities (5Ј-RACE) and reverse-transcription polymerase chain reaction (RT-PCR) strategies, we investigated possible mechanisms regulating the balance between coding and noncoding SRA1 RNAs in breast cancer cells.
MATERIALS AND METHODS

In silico prediction of transcription initiation sites (TSS)
Three online algorithms have been used to identify the putative transcription initiation sites of SRA1 transcripts. The input sequence, taken from the SRA1 genomic sequence (Genbank AC005214), corresponded to 1500 bp upstream of intron-1 ϩ intron-1 ϩ exon-2, totaling 1781 bp. Algorythms included DragonPF (http://research.i2r.a-star.edu.sg/promoter/promoter1_5/ DPF.htm, expected TSS sensitivity 80%), McPromoter (http://genes.mit.edu/McPromoter.html, cutoff score Ϫ0.05) and NNPP2.2 (http://www.fruitfly.org/seq_tools/promoter.html, cutoff score 95%). CpG island prediction was performed using Cpgplot program (http://www.ebi.ac.uk/emboss/cpgplot/, observed/ expected ratio Ͼ60, Percent GϩC Ͼ 30, length Ͼ 50).
The database of transcription start sites (DBTSS, http://dbtss.hgc.jp/) is based on precise experimentally determined 5Ј-end clones, that is, sequencing of capped-mRNAs. , MDA-MB-468 (cat# HTB-132), MDA-MB-231 (cat# HTB-26), MCF10A (cat#CRL-10317), ZR-75 (cat# CRL-1500), T47D (cat# HTB-133), and MCF7 (cat# HTB-22) breast cancer cell lines were obtained from the American Type Culture Collection (ATCC, Manassas, VA). T5 breast cancer cell line was kindly provided by Dr. LC. Murphy (Coutts et al., 1996) . All the cells were grown up to 70% confluence, harvested, and cell pellets stored at Ϫ70°C, as previously described (Emberley et al., 2003) . Total RNA and genomic DNA were extracted from cell pellets using Trizol™ (Lanz et al., 1999) . (B) The original noncoding SRA1 (AF092038) and genomic sequence (AC005214) have been aligned together with the three SRA1 sequences we cloned from normal breast cells. Vertical bars: initiating AUG (in exon 1) and stop codon (in exon 5). Gray stars: point mutations. Black star: point mutation followed by three bases insertion. The core is indicated in white and introns in black.
Human breast cancer cell lines
reagent (Gibco BRL, Grand Island, NY) according to the manufacturer's instructions.
5Ј-RACE
Total RNA (2 g) from T5, MCF-7, and MDA-MB-468 was used as starting substrate to perform 5Ј-RACE using the SMART™ RACE cDNA amplification kit (Clontech, Mountain View, CA) following the manufacturer's instructions. The SRA1 specific lower primer used consisted in SRAL1 (sequence, Table 1 ), annealing with the end of the core sequence and previously shown to effectively amplify SRA1 isoforms in breast cancer cells (Emberley et al., 2003) .
RT-PCR, triple-primer-PCR (TP-PCR)
One microgram of total RNA from the various cell lines was reverse transcribed in a final volume of 25 l using Moloney Murine Leukemia Virus (M-MLV) reverse transcriptase and random hexamers and analyzed as previously described (Emberley et al., 2003) . One microliter of reverse-transcription mixture was amplified in a final volume of 30 l, in the presence of 60 mM Tris-HCl (pH 8.5), 15 mM [NH 4 ] 2 SO 4 , 1.5 mM MgCl 2 , 0.2 mM dATP, 0.2 mM dTTP, 0.2 mM dGTP, 0.2 mM dCTP, 4 ng/l of each primer (pairs or three primers for RT-PCR and TP-PCR, respectively), 1 unit of Pfu DNA polymerase (Sratagene, La Jolla, CA) and 10 nM ␣-32 P dCTP. Each PCR consisted of a 5-min preincubation step at 94°C followed by 30 HUBE ET AL. 420
FIG. 2.
Minigene construction. The insert part of the minigene has been constructed as described in the Materials and Methods section. Briefly, we first amplified (PCR 1) the genomic DNA from T5 cells using an upper primer (J) overlapping the 3Ј end of the beta-globin construct and the 5Ј end of the coding SRAP sequence, and a lower primer (K) containing the end of SRA1 exon 2. Two additional PCRs (PCR2 and PCR3), performed using J-L and J-M, respectively allowed the addition of the adapter region. The beta globin part of the construct was amplified (PCR 4) from a previously constructed plasmid (Dominski and Kole, 1991; Xie et al., 2005) using an upper beta globin specific primer (N) and a lower hybrid primer (O) containing a 3Ј-extremity specific for the end of beta-globin exon and a 5Ј-extremity corresponding to the beginning of SRAP coding region. The coamplification of the mixed products 3 and 4 allowed the production of a full insert subsequently cloned in the expression vector. Table 1 . Radiolabeled PCR products were then separated on polyacrylamide gels as previously described (Leygue et al., 1999) . Following electrophoresis, the gels were dried and exposed 30 min to a Molecular Imager™-FX Imaging screen (Bio-Rad, Hercules, CA). Exposed screen was then scanned using a Molecular Imager™-FX (Bio-Rad), which allows the subsequent quantification of each observed signal.
For further sequencing, PCR products were excised from the dry gel, reamplified in the absence of radioactivity, and subcloned using TOPO TA cloning ® kit according to the manufacturer's instructions (Invitrogen, Carlsbad, CA).
Minigene construction (Fig. 2)
One microgram of genomic DNA from T5 cells was amplified as described above in the absence of radiolabeled nucleotide and using primers J-K (PCR1; Fig. 2 and Table 1 ). The 384-bp PCR product 1 was separated on ethidium bromidestained gel, cut out under UV, and purified using the Wizard ® PCR preps DNA Purification System (Promega, Madison, WI) according to the manufacturer's instructions. This purified PCR product was then diluted (1/1000) and used as substrate for the subsequent PCR2 performed using J-L primers ( Fig. 2 and Table 1 ). Similarly, the resulting PCR product 2 (407 bp) was reamplified using a J-M primer pair to generate the PCR product 3 (456 bp). A modified plasmid (kindly provided by Dr. Xie) containing human beta-globin exon sequences around a modified constitutive intron (Dominski and Kole, 1991; Xie et al., 2005) was then used as a target for amplification with primers N-O to obtain the PCR product 4 (414 bp). The two products, 3 and 4, overlapping in their 5Ј and 3Ј region, respectively, were purified, diluted, and mixed together. This mix was directly used as a template for the final amplification with N-M, allowing the generation of the PCR product 5 (840 bp). This latter product was subsequently purified and subcloned using the pcDNA4/HisMax TOPO ® TA expression kit (Invitrogen) according to the supplier's instructions. Integrity of the final construction has been checked by sequencing (University Core DNA Services, Calgary, AB, Canada).
Transfection experiments
Transient transfections using the newly synthesized minigene were performed using lipofectamine™ reagent as described by the manufacturer. Twenty-four hours following transfection, cells were lysed and total RNA extracted, reverse transcribed, and amplified as described earlier using primers P-Q (Table 1) .
Quantification of signals
TP-PCR signals from four independent experiments were quantified using a Molecular Imager™-FX (Bio-Rad) as previously described (Leygue et al., 1996) . For each experiment and each cell line, the relative amount of fully spliced and intron-1 retained SRA1 was first expressed as the percentage of the total signal measured following amplification (individual percentage). The total signal corresponds to the sum of the signals of each band observed. The average percentage of intron-1 in T5 cells was then calculated (average T5) from the results of four independent experiments. For each experiment and each cell line (including T5), the individual percentage corresponding to intron 1 was then divided by this T5 average to obtained a normalized value. For each experiment and each cell line (including T5), these normalized percentages were subsequently averaged to obtain the global intron-1 expression (in arbitrary unit). The standard deviations were calculated. The differences between cell lines were tested using the Student's t-test (two 
RESULTS
Putative and experimentally determined transcription SRA1 RNAs initiation sites
As outlined earlier in the text, the main difference between the original noncoding and the coding SRA1 isoforms laid within an extended exon 1 sequence (Fig. 1) . This observation raised the possibility that these transcripts might therefore be initiated at distinct positions within the SRA1 promoter. We used a series of softwares predicting putative transcription initiation sites (Fig. 3 ) with cutoffs detailed in the Materials and Methods section. We analyzed 1781 bp covering exon-1, intron-1, and exon-2 (Fig. 3) . For position reference, we used the junction between exon-1 and intron-1 as position 0. Two regions (Fig. 3A) , region A (Ϫ1300/Ϫ800) and region B (Ϫ200/ϩ200), are predicted by McPromoter to contain putative TSS. Such prediction is corroborated by both NNP2.2 and Dragon-promoter finder, which predict TSS at Ϫ839/Ϫ872 and Ϫ833/ϩ32/ϩ132, respectively (Fig. 3B) . Interestingly, these two regions also contain CpG islands, often associated with genomic sequences highly involved in transcription initiation (Fig.  3C) .
Only two SRA1 RNAs sequences are currently present in the database of transcription start sites (DBTSS), which contains only experimentally checked integral 5Ј end cDNA sequences (Fig. 3B) . The first sequence (AK054960), isolated from cerebellum, starts at position Ϫ883. It therefore contains the two ATG codons (position Ϫ61 and Ϫ25, respectively) and is able to code for the SRAP. The second (AK024640), cloned from endothelial cells of human coronary artery, is initiated at position Ϫ12. Not only it does not contain either of the methionine codons, but it also retains intron-1 sequences (155 bp long), which introduces a shift in the SRAP reading frame. This RNA is therefore unable to lead to the production of SRAP.
5Ј-RACE identification of transcription initiation sites in three breast cancer cell lines
To interrogate the 5Ј-extremity of SRA1 transcripts present in breast cancer cells, total RNA was extracted from three breast cancer cell lines (MCF-7, T5, and MDA-MB-468) and analyzed by 5Ј-RACE as described in the Materials and Methods section. Eleven clones have been sequenced (three, three, and five clones from T5, MDA-MB-468, and MCF-7, respectively) and five possible initiation sites identified, clustered in a region located at the 3Ј end of exon-1 (Fig. 4) . Four of these sites (1-4, positions Ϫ49, Ϫ46, Ϫ35, and Ϫ27, respectively), corresponding to fully spliced RNAs (exon 1/exon-2 junction seen), are located upstream of the second ATG codon, suggesting that transcripts initiated in the region A can also be coding and fully spliced. Interestingly, one clone identified in MDA-MB-468, and starting downstream of the second ATG codon (site 5, position Ϫ14) corresponded to a messenger containing a full retention of intron 1, as seen for AK024640. That observation was of particular interest, as the retention of intron-1 makes such transcript unable to code for the SRAP but keeps it functional at the RNA level, as the core sequence (exon-2 to exon-5) is preserved.
Coding/noncoding SRA1 transcripts population in two breast cancer cell lines
To characterize the population of SRA1 transcripts detectable in breast cancer cells, a series of radiolabeled RT-PCR was performed using different upstream primers and a unique downstream primer recognizing the end of the core sequence. As shown in Figure 5A , the upper primers (A-F, position Ϫ54, Ϫ42, Ϫ35, Ϫ25, and Ϫ14) spanned the region surrounding the second ATG codon and are shown in the 5Ј-RACE experiments to overlap several TSS. Primer E was overlapping the exon-1/exon-2 junction, whereas primer F spanned the exon-1/intron-HUBE ET AL. 422   FIG. 4 . Identification of putative transcription start sites located within the region B and used in breast cancer cell lines. Total RNA, extracted from T5, MCF-7, and MDA-MB-468 breast cancer cell lines, was analyzed by 5Ј-RACE as described in the Materials and Methods section. Eleven clones have been sequenced and five putative transcription start sites identified (1-5). For each site, the cells where the transcripts came from, the frequency of occurrence (x out of 11), the exact position on exon-1 sequence (corresponding nucleotide in white), as well as the 5Ј sequence are indicated. Numbers are given relatively to the junction exon-1 (gray box)/intron-1 (black box). Exon-2 sequences are boxed in white. The two initiating ATG codon are bolded. 1 boundary. Total RNA from two different cell lines (T5 and MDA-MB-468) was extracted and reverse-transcribed before performing PCR as described in the Materials and Methods section (Fig. 5B) . The PCR products (1-5) indicated by arrows have been cloned and sequenced, and the corresponding RNA composition depicted at the bottom right of Figure 4B . Beside the expected fully spliced and coding SRA1 RNA (PCR product 3), four additional species were reproducibly observed in the cells analyzed.
The top PCR product (PCR product 1) corresponds to a full intron-1 retention and appears, relative to the normally spliced transcript (PCR product 3), more highly expressed in MDA-MB-468 than in T5 cells. It should be stressed that this transcript is still detectable when using primers A-C, which are all upstream of the original site 5 (Ϫ14, Fig. 4) shown to generate such a transcript.
An additional transcript (PCR product 2) containing only the 3Ј part of intron-1 (60 last nucleotides, position ϩ96 to ϩ155), but otherwise normally spliced (all other introns removed), is also detectable in MDA-MB-468 cells and at a lower level in T5 cells. This transcript could act as coactivator as it contains a full core, but does not encode a SRAP. Indeed, the 60 inserted bases bring a premature stop codon to the SRAP open reading frame initiated at the ATG codons. As the fully intron-1 in-
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FIG. 5.
Identification of SRA1 transcripts in T5 and MDA-MB-468 breast cancer cell lines. Total RNA, extracted from T5 and MDA-MB-468 (MB) breast cancer cell lines, was analyzed by RT-PCR and radiolabeled PCR products separated on acrylamide gels as described in the Materials and Methods section. (A) The sequences and exact positions of the upstream primers used are shown. Numbers are given relatively to the junction exon-1 (gray box)/intron-1 (black box). Exon-2 sequence is boxed in white. The two initiating ATG codon are bolded. The white G corresponds to the position of the transcription start site 5 corresponding to the intron-1 retained noncoding SRA1 RNA identified by 5Ј-RACE (Fig. 4) . Note that primers E and F overlap the junction exon-1/exon-2 and exon-1/intron-1, respectively. (B) The upper panel depicts the position of the primers used. The lower panel shows the radiography of the gel. PCR products have been sequenced and are schematically depicted on the right.
FIG. 6. TP-PCR amplification of coding and noncoding SRA1 mRNAs in breast cancer cells lines. (A)
Principle: three primers are used during the PCR amplification. The lower primer (white, I) is common to the two sequences, whereas the upper G (gray) and H (black) primers are specific for exon-1 (gray) and intron-1 (black), respectively. Following PCR, the relative proportion of the signals obtained is proportional (but different) to the original relative amounts of the starting cDNAs (Leygue et al., 1996) . (B) Total RNA was extracted from BT-20, MDA-MB-468 (MBA468), MDA-MB-231 (MBA231), MCF-10A, ZR-75, T47D, T5, and MCF-7 cell lines, reverse-transcribed, and PCR amplified in the presence of P 32 -dCTP using the three primers as described in the Materials and Methods section. PCR products were separated on acrylamide gel and visualized using a Molecular Imager™-FX. Bands migrating at 377 base pairs and 360 bp were sequenced and correspond to RNA containing intron-1 and fully spliced, respectively. (C) Signals from four experiments have been quantified as detailed in the Materials and Methods section. The average relative proportion of noncoding SRA1 RNA (intron-1 retained), expressed in an arbitrary unit, is graphed for each cell lines. Differences in relative intron-1 retained RNA expression between T5 (gray bar) and other cell lines (black bars) have been tested using the Student's t-test. Stars indicate a significant difference (P Ͻ 0.05). Standard deviations are shown.
serted transcript, this partial intron-1 inserted variant can also be detected using A-C primers. This simple observation suggests that SRA1 transcripts initiated upstream of the second ATG are alternatively spliced. This has been confirmed using other sets of primers (data not shown), and we have now submitted to Genbank a partial intron-1 SRA1 containing sequence starting at Ϫ250 (DQ286291). Interestingly, transcripts containing intron sequences (PCR product 4) or not (PCR product 5) and deleted in exon 3 were also identified. These transcripts are more highly expressed in T5 cells than in MDA-MB-468. They are noncoding, but are also not expected to act at the RNA level as they are missing a significant part of the core (202 nucleotides). Altogether, these data confirmed the existence, within breast cancer cells, of alternatively spliced SRA1 transcripts, expressed at different levels between the two cell lines studied. The coexistence of transcripts fully spliced (not coding for SRAP) (PCR product 3) and of transcripts containing intron-1 sequences (not coding for the SRAP) (PCR products 1 and 2) is of particular interest. Indeed, it suggests that alternative splicing of this intron might be a possible mechanism used by breast cancer cells to regulate the balance between activator and repressor of estrogen receptor activity. To test for possible differences between cell lines in their relative amounts of coding (intron-1 normally spliced) and noncoding (total or partial intron-1 retained) mRNAs, we used a previously developed TP-PCR approach (Leygue et al., 1996) .
Differential relative splicing of SRA1 transcripts containing intron-1 sequence between breast cancer cell lines
As illustrated Figure 6A , the TP-PCR amplifies two PCR fragments corresponding to cDNAs sharing a common sequence (here exon 3) but different in their extremities (exon-1 versus intron-1 sequences). We have in the past shown that the proportion of obtained products was directly proportional to the ratio of the original cDNAs (Leygue et al., 1996) . The primer G spanned positions Ϫ42 to Ϫ24, and recognizes a fragment containing at least the second ATG, whereas primer H (ϩ96 to ϩ115) binds to both partial and full intron-1 retained RNA. Total RNA was extracted from a panel of breast cancer cell lines, reverse-transcribed and analyzed by TP-PCR as described in the Materials and Methods section. These cells were chosen to span a wide range of steroid receptors levels (e.g., MCF-7, ZR75, and T5 have a high level of estrogen receptor, T47D has high levels of progesterone receptor, and MDA-MB-231 is estrogen and progesterone receptor negative cells) and of invasion properties (MDA-MB-231 and MDA-MB-468 are highly invasive cells, whereas MCF-10A cells, coming from fibrocystic lesions, are often considered as "normal" (Miller et al., 1993) . PCR products, migrating around the expected sizes of 377 and 360 bases, were detectable in all cell lines tested. Sequencing of the products confirmed their identity as fragments corresponding to noncoding intron-1 and coding fully spliced SRA1 RNAs, respectively (data not shown). It should be stressed that a shift in size was observed in some cell lines (e.g., slightly higher bands in MDA-MB-231 cells, lane 3, Fig. 6B ). This shift results from the previously documented expression, in these cells, of the SRA1 isoform 3, containing a three-base insertion in exon 3, upstream of the lower primer used (see Fig. 1B ; Emberley et al., 2003) . Similarly, the known concomittent expression of isoforms 3 and 2 in T5 results in fully spliced and intron-1 retained corresponding bands to appear as a doublet (lane 7, Fig. 6B ). The signals have been quantitated, and for each cell line, the intron-1 SRA1 RNA signal was expressed relative to its level in T5 cells (Fig. 6C) . The relative proportion of SRA1 RNA containing intron-1 reproducibly varies from one cell type to another, illustrating that breast cancer cells differ in their balance of coding/noncoding mRNAs. Two cell lines, MDA-MB-468 and MDA-MB-231 expressed significant (Student's t-test, P Ͻ 0.05) higher relative amounts of SRA1 RNA retaining intron-1 than the T5 cells.
To establish whether these differences could result, in part, from a genomic diversity in this region, we extracted DNA from MDA-MB-468, MCF-10A, ZR-75, T47D, and T5 cells and sequenced genomic DNA from the first ATG codon to the middle of exon 2, as described in the Materials and Methods section. All sequences were identical (data not shown).
Minigene design and engineering
To further examine whether the primary genomic sequence in and around intron-1 was sufficient to lead to a differential splicing of this intron in different cell lines, we engineered a minigene depicted in Figure 7 . The minigene contained an Nterminal His Tag fused to a modified part of the beta-globin gene and to SRA1 exon-1-intron-1-exon-2 sequences (Fig.  7A) . The modified beta-globin gene portion contains a constitutively splice-able intron. Its correct removal in the transcripts subsequently analyzed demonstrated that RNAs still containing SRA1 intron-1 have been, even though only partially, processed by the splicing machinery. As shown Figure 7B , this construct has been designed to generate transcripts easily identifiable by RT-PCR using primers annealing with the beta-globin and SRA-exon-2 portions of the construct. The minigene has been constructed as described in the Materials and Methods section using a series of PCR amplifications, purifications, and dilutions of PCR products (Fig. 2) .
Splicing of the minigene products in T5 and MDA-MB-468
The minigene has been transfected in T5 and MDA-MB-468 cells. Total RNA has been analyzed by RT-PCR 24 h after transfection, as detailed in the Materials and Methods section. The primers used (P-Q, Table 1 ) corresponded to the beginning of the beta-globin exon and the end of SRA1 exon 2. The results of three independent transfection experiments (experiments 1-3) are shown Figure 8 . Two major products (full IR and fully spliced) were obtained, migrating at an apparent size of 612 and
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FIG. 7. Minigene design. (A)
The minigene consisted in a pcDNA-4His/Max Topo backbone initiating a N-terminal His-tagged coding frame fused to a modified part of the beta-globin gene, SRA1 exon-1-intron-1-exon-2 sequences and an adapter. The exact sequence of the final product is shown. Lower case and capital letters correspond to plasmid and insert sequences, respectively. Italic and straight letters indicate beta-globin and SRA1 gene portion of the minigene, respectively. Intron sequences are boxed in black and SRA1 exons (1 and 2) are boxed in gray. (B) Expected PCR products obtained when using primers P and Q (see Table 1 ), recognizing the beginning of betaglobin exon and the end of SRA1 exon-2, respectively. that they corresponded to a RNA containing a full SRA1 intron-1 and to a fully spliced RNA, respectively (Fig. 8B) . Two other products migrating at 517 bp (PIR) and 443 bp (AD), respectively, are also observable. PIR corresponded to the partial (60 last base pairs) intron-1 previously observed. Interestingly, SRA1 AD product is fully spliced, but is missing 14 bases at the end of exon-1, suggesting the possible use of a cryptic splicing site (Fig. 8B) . It should be stressed that this splicing event introduces a premature stop codon in the SRAP reading frame, making the corresponding SRA1 transcript unable to encode the SRAP.
Following quantification, a significant higher relative expression of the SRA1 intron-1 retained mini-gene transcript product was observed in MDA-MB-468, when compared to T5 cells (Fig. 8C) . As a direct result, the relative proportion of fully spliced transcript was significantly lower in MDA-MB-468 cells. No difference in the relative expression of the other products, PIR and AD, was observed.
DISCUSSION
The main difference between the originally isolated noncoding SRA1 RNA (Lanz et al., 1999) and the coding SRA1 isoforms we discovered, consisted in an extended exon 1 sequence (Emberley et al., 2003) . We therefore first investigated the possibility that these coding and noncoding RNAs might originate from transcriptions initiated at different positions within the SRA1 gene promoter. Predictive algorithms indeed suggested the presence, upstream of the junction between exon-1/intron-1, of two regions (A and B) likely to house a series of transcription initiation sites. The cloning by others of two transcripts, fully capped and corresponding to these two regions, corroborated this assumption. The observation that the transcript initiated in the region A was coding, whereas the one originating from the region B was noncoding, also suggested that the balance between coding and noncoding SRA1 RNA could be controlled by an initiation of transcription in one region versus another. The fact that these transcripts originally came from two different tissues (cerebellum and artery) also raised the possibility that the alternative use of a given site might be tissue specific.
Using 5Ј-RACE, we herein identified five putative transcription initiation sites, clustered in the region B, located around the second ATG codon, and leading to the production of fully spliced coding SRA1 RNAs (sites 1-4) or noncoding intron-1 retained transcript (site 5). Such "sliding" of the exact initiation site is a typical feature of TATA-less promoter (Smale, 1997) . It is here worthy to note that, whereas we obtained coding SRA1 in 10 out of the 11 clones we sequenced, Lanz et al. (2000) reported that they did not obtain any sequences containing initiating ATG codons when performing 5ЈRACE experiments. The simpliest explanation for such a discrepancy possibly lays within the fact that we used breast cancer cells, whereas the tissue origin of cells used by these authors is not specified.
Even though we have not used capped RNAs as a template to perform the 5Ј-RACE experiments, we are confident that the sites identified are true initition start sites. Indeed, the fact that we obtained exactly the same sites in different cell lines (sites 2-3-4, Fig. 3 ) reduces the possibility that we sequenced RNAs degradated exactly at the same position. Moreover, the site identified for the intron-1 retained RNA (site 5, position Ϫ12) is extremely close to the one reported for AK024640 (Ϫ14) in endothelial cells of human coronary artery. Altogether, these observations suggest that transcripts initiated in the region B in breast cancer cells can be either coding or noncoding.
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FIG. 8.
Alternative splicing of minigene products in T5 and MDA-MB-468 cells. (A) Twenty-four hours following minigene transfection in T5 and MDA-MB-468 (MB) cells, total RNA was extracted, DNAse treated, reverse-transcribed and PCR amplified as described in the Materials and Methods section, using primers P and Q (Table 1) . PCR products were separated on acrylamide gel and visualized using a Molecular Imager™-FX. The results of three independent experiments (exp. 1-3) are presented. Four bands, migrating at 612, 517, 457, and 443 bp were cloned and sequenced. (B) These bands corresponded to full SRA1 intron-1 retention (full IR), partial SRA1 intron-1 retention (PIR), fully spliced minigene transcript and a new SRA1 alternative SRA1 donor site (SRA1 AD) transcript, respectively. M: molecular weight marker, ⌽ϫ174 RF DNA/Hae III fragments. (C) For each band (full IR, PIR, fully spliced and SRA1 AD), signals have been quantified and expressed in arbitrary unit, as described in the Materials and Methods section. Differences in relative expression between T5 (gray bars) and MDA-MB-468 (black bars) have been tested using the Student's t-test. Stars indicate a significant difference (P Ͻ 0.05). Standard deviations are shown.
The SRA1 RNAs we previously isolated from breast cancer cells (Genbank # AF293024-26) were amplified by RT-PCR using a primer at position Ϫ250 (Emberley et al., 2003) . Their transcription was therefore initiated upstream of region B we identified by 5Ј-RACE. Using the same upper primer, we were able to amplify SRA1 coding transcripts in all breast cancer cell lines we tested, including T5, MCF-7, and MDA-MB-468. This underlines the fact that transcripts likely initiated in the A region are also present in these cells (Emberley et al., 2003) . We believe that we did not detect such transcripts in our 5Ј-RACE as a direct result of a preferential amplification of shorter cDNAs in the PCR reaction. The observation that intron-1 retaining transcripts can be amplified with the Ϫ250 primer (DQ286291) also confirms that the transcript initiated in region A can be alternatively spliced, and overall noncoding.
Altogether, our data show that in breast cancer cells, SRA1 transcripts can be initiated within two distinct regions (A and B), and that they can be alternatively spliced, independently of the site used. These data therefore strongly suggest that the generation of coding and noncoding SRA1 RNAs in breast cancer cells does not result from the initiation of the SRA1 transcripts at a particular site, but rather results from alternative splicing events involving intron-1 sequences.
We showed here that, indeed, coexpression of coding fully spliced and noncoding retaining intron-1 SRA1 RNAs is a common feature of breast cancer cell lines. We also demonstrated that cell lines differ in their relative levels of both RNA species. The observation that an artificial minigene generated RNA, containing exon-1, -intron-1, and exon-2 sequences is differentially spliced in these cell lines, and that the relative trend observed with endogenous SRAs is also seen with the artificial minigene product is of particular interest. Indeed, this suggests that the primary sequence of the transcript in this region, that is, exon-1/intron-1 and exon-2, is sufficient for the cell type specific differential intron-1 retention to occur.
The use by cells of alternative splicing of an intron to control the balance between coding and noncoding RNAs is certainly not a unique feature of the SRA1 gene. Indeed, intron retention is now considered as a relatively common event involving almost 15% of human gene products (Galante et al., 2004) .
Alternative splicing has been shown to control major normal events such as sex determination or tuning of brain receptor sensitivity. Moreover, alteration of splicing has also been involved in many pathological situations including but not limited to skin diseases (Wessagowit et al., 2005) neurodegeneration (Lee and Irizarry, 2003; Gallo et al., 2005) , and cancer (Hall and Russell, 2005; Kalnina et al., 2005) .
In some cases, alternative splicing leads to the production of new sequences (Stetefeld and Ruegg, 2005) , which can encode for extended or truncated proteins with novel or altered functional properties (Stamm et al., 2005) . In other cases, alternative splicing results in the introduction of an early stop codon or a shift in the reading frame, leading to the generation of noncoding RNAs. In this latter situation, the noncoding RNA is often seen as a passive byproduct of an event, the major effect of which is usually thought to consist in the absence of protein.
Since protein production is considered to be the functional outcome of most genes, the production of noncoding RNAs, as a result of differential splicing, is thought in this case to be a mechanism for gene silencing. However, the bivalent nature of SRA1, that is, functional RNA as well as functional protein, sheds a new light on alternative splicing. Indeed, this mechanism can now also be seen as a way to control the balance between two functional units, RNA as well as its coding counterpart.
Regulation of alternative splicing is a complex phenomenon that involves a plethora of different factors and signal sequences (Staley and Guthrie, 1998; Shin and Manley, 2004) . It is now admitted that the full understanding of the molecular mechanisms involved in alternative splicing events could lead to the development of new therapies, targeting the production of particular spliced forms (Garcia-Blanco, 2005; Hagiwara, 2005; Wilton and Fletcher, 2005) .
In this context, we are currently investigating the exact mechanisms participating in the differential splicing of intron-1 in breast cancer cells. Indeed, we believe that the characterization of the mechanisms involved will lead to the development of new strategies aiming at modifying the balance between coding and noncoding SRA1 RNAs. Ultimately, this will allow us to control the equilibrium between activator and repressor of estrogen receptor activity in breast cancer.
